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Airborne  All-Sky  Imaging  of 
Equatorial  Airglow 


1.  INTRODUCTION 

An  all-sky  imaging  photometer  has  been  developed  and  installed  in  the  Air 
Force  Geophysics  Laboratory's  Airborne  Ionospheric  Observatory  to  monitor 
auroral  and  airglow  spectral  emission  features.  The  imaging  system  overcomes 
many  of  the  limitations  associated  with  conventional  photometric  instrumentation 
by  combining  adequate  spectral,  spatial  and  temporal  resolution  with  sufficient 
sensitivity  to  measure  low-intensity  emissions.  In  addition,  the  airborne  capabil- 
ity achieved  with  the  Airborne  Ionospheric  Observatory  provides  complementary 
geophysical  measurements  (ionosonde,  scanning  photometer,  spectrometer,  all- 
sky  camera  and  VHF/UHF  satellite  receivers),  ensures  good  visibility  and  allows 
access  to  remote  geographical  areas. 

Airborne  expeditions  were  conducted  in  March  1977  and  March  1978  at  equa- 
torial latitudes  to  investigate  the  characteristics  of  large-scale  F-region  irregu- 
larities. The  primary  purpose  of  these  expeditions  was  to  relate  specific  features 
of  the  equatorial  ionosphere  to  the  occurrence  of  amplitude  fluctuations  (scintilla- 
tions) on  satellite-to-ground  and  satellite-to-aircraft  VHF  and  UHF  transmissions. 
Optical  imaging  measurements  were  performed  with  the  objective  of  identifying 


(Received  for  publication  21  September  1978) 
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atrglow  .-it rui'tures  which  are  a.s.UH’iated  with  K-renii'n  (electri'H  ii  ie>;- 

ularities,  and  to  ileterinine  ionospheric  conditions  in  the  vicinity  of  a n nnsii>no- 
spheric  250  MH/  siipial  ray  path.  These  measurements  slu.wed  ttie  existence  of 
ni'rth-south  aligned  depletions  or  regions  of  decreased  intensity  in  tlie  a.UHi  A and 


5517  Ol  air  glow. 

Initial  results  from  measurements  within  a few  degrees  of  the  magnetic  equa- 
tor (Weber  et  al)'  show  that  these  depletions  have  east -west  dimensions  ranging 
from  50  to  200  km,  with  fine  structure  as  small  as  2.  5 km  (instrumental  resolution 
at  250  km  altitude)  and  often  extend  greater  than  1200  km  north-south.  The 
depletions  api>ear  after  sunset  and  drift  toward  the  east  with  speeds  ol  :>0-l50  m s 
during  the  local  evening  hours.  Simultaneous  ionosoiide  measurements  showed 
that  the  depletions  are  accompanied  by  strong  spread  V,  and  are  characterised  by 
an  increase  in  the  virtual  height  of  the  F-layer  (h'l').  The  airglow  and  ionosonde 
measurements  resulted  in  a description  of  these  depletions  as  corrugations  or 
height  variations  in  the  bottomside  of  the  F-layer. 

Buchau  et  al“  have  shown,  for  one  example,  that  airglow  depletions  are  the 
optical  signature  of  3 m ionospheric  irregularities,  or  plumes,  measured  by  the 
Jlcamarca  50  MHx  backscatter  radar.  These  plumes  are  thought  to  result  from 
the  development  and  upward  propagatii'it  of  low’  density  bubbles  in  the  equatorial 
F-region  (Woodman  and  l,a  Hox’S.  The  relation  of  airglow  depletions  to  amplitude 
scintillations  on  transionospheric  communication  links  has  been  examined  by 
Buchau  et  al.  * Passage  of  an  airglow  depletion  through  the  signal  ray  path  pro- 
duces intense  amplitude  scintillation  (often  '*20  dB  at  250  MHx),  and  this  implies 
the  existence  of  kilometer  sixe  irregularities  within  the  depletions. 

A unified  description  of  these  equatorial  disturbances  has  emerged  from  the 
combination  of  photometer,  ionosonde,  50  MHx  backscatter  and  scintillation  meas- 
urements. The  airglow  depletions  are  the  optical  signatures  of  regions  of  low 
density,  upward  drifting  plasma  in  the  nighttime  equatorial  ionosphere.  The  region 
is  confined  in  the  east -west  direction  to  widths  of  50  to  200  km.  but  extends  along 
entire  magnetic  flux  tubes  in  the  north-south  direction.  Within  these  regions. 


1.  Weber.  E.J..  Buchau,  J.,  Father,  K.H..  and  Mende,  .S.  B.  (1078)  North- 

south  aligned  equatorial  airglow  depletions,  J.  Cleophys.  Hes.  83:712. 

2.  Buchau,  J..  Weber,  E.J..  and  McClure,  J.P.  ( ni78a)  Hadio  and  optical 

diagnostics  applied  to  an  isolated  equatorial  scintillation  event,  P roc . 
Ionospheric  Effects  Symp. , Arlington,  VA. 

.7.  Woodman.  R.F.,  and  1. alio x,  C.  ( 1078)  Kadar  observ.ations  of  F-region 
equatorial  irregularities,  J.  Geophys.  Kes.  81  ::'4-l  7. 

4.  Buchau,  J..  Weber.  E.J.,  and  Whitney.  H.  E.  (1078b)  New  insight  into 
ionospheric  irregularities  and  associated  VHF  I'HF  scintillations. 

Proc.  AGA RD^C\'nf. , JHigital  Communications  in  Avionics,  Munich, 
CTermany. 
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u>tu>.s[>fi<"rio  l<*d  uith  ai-alt*  .•iizc.-i  frijin  H ni  ti>  10  kiii  jjivf  rist*  ti>  50  MH/ 

biiok.si'attf  r,  aiMiitlllatiixis  ai»il  spread  K.  This  paper  will  present  a review  of  the 
various  ioiu>spl\erie  measurements  eondueted  in  Mareh  1977  and  Mareh  1978  which 
were  useil  to  arrive  at  the  eiirrent  dest'j-ipf ion  of  eijuatorial  iiaiosplieric  depletions. 


•2.  Vl.I.SKV  IMACIM;  PHOTOMMT.R 

An  all-sky  imuKin^  system,  similar  to  one  for  jjroutid-hased  ohservatiims 
(Mende  et  all^  was  developed  for  airborne  operation.  The  optica  (V'ijture  1)  employ 
a 155“  field  of  view  and  are  telecentric  in  design,  ensuring  the  same  si/e  light 
cone  at  focal  plane  for  each  point  in  the  field  of  view,  thus  allowing  narrowband 
interference  filters  to  be  used.  At  full  aperture  of  fl.4,  25. A filters  can  be  used. 
Four  such  filters  mounted  on  a filter  wheel  allow  sequential  measurements  for  the 
most  important  airglow  emissions. 


t »ll  Sliv  Irnn  (l\<.‘’) 

'.L.  (Mlw-^onv^R) 

H»pro»  !nt#rr*r#rv*  filter 

**•  P.L,  ( Pl«no«:?onvt« ) 

E 1 nioDtvr  vtn  isr\n  (H»r>taou'i) 

f NUon  UrtA 

C i 3«c»ttv#  Ltirht 

M Prt*Ai  (to  ) 

I V*r*>  Int*natrt«r  {ixtw  sm) 

J flhr#  C>ptl<*a  Jounllv 
K W*9ttrvKhoud»  LLL  SBC  ?V  Tuh* 


Figure  1.  All  Sky  Imaging  Photometer  Optics  Schematic 


5.  Mende,  .S.  H. , Father,  R.  II. , and  Aaniodt,  E.  K,  (1977)  Instrument  for  the 

monochromatic  observation  of  all  sky  auroral  images,  Appl.  Opt.  18:1891. 
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The  uir^U'W  fieUl  is  then  re-ima>!*vi  ontn  the  faceplate  of  a two-stane  linage 
inteiisifier  that  is  fiber-opticallv  coupled  to  a low  lijtl'l  lev'el  SKC  (Secimdary 
Kniissioii  i'oiidiictwityl  TV  tube.  This  is  a charne-iiitegratinj*  tul>e  that  allows  for 
time  exposures  of  up  to  d sec  at  riH>m  temperature. 

>teiiueiitial  pictures  at  different  wavelenutlis  aie  recorded  on  a time-lapse 
video  tape  recorder  (see  system  block  diagram  in  b'i^ire  2)  and  tempot:arily 
stored  on  a multi-track  video  disc  tliat  is  ii  ed  to  drive  four  black  and  wtiite  TV 
monitors  and  a reil-nreen-blue  (HCilt)  color  monitor  that  cotitinU(.iusly  display  the 
last  picture  taken  throu^jli  eacti  filter.  Ttiese  pictures  are  continually  ujaiated  as 

the  filter  wheel  rotates  ttirouKh  the  four-filter  sequence. 

14 

Ai\  absolute  intensity  reference  is  supplied  by  a C radioactive  li^ht  source 
ttiat  IS  imaged  on  the  corner  of  eacti  frame.  Date,  time,  and  filtering  information 
IS  tunary  encodeil  on  each  picture,  and  date  and  time  are  also  presented  numerically 
on  each  picture. 

The  time  and  control  sequencing  for  the  instrument  is  provided  by  a fully  pro- 
grammable. special -purfHise  sequencer  that  controls  the  mechanical  operation, 
exposure  time,  higti  voltage  appropriate  for  each  filter,  distribution  of  video  sig- 
nals to  appropriate  discs,  and  camera  exposure,  Hreprogrammed  exposure 
sequences  allow  rapid  change  of  operational  modes  appropriate  to  changing  con- 
ditions. 

C’ertain  modifications  have  been  made  to  the  disc  for  aircraft  use,  to  ensure 
proper  operation  and  to  prevent  damage  at  take-off  or  landing.  The  complete 
instrument  has  been  shock  mounted,  and  the  record  playback  heads  have  mechan- 
ical lifters  that  remove  the  heads  from  the  disc  for  take  off  and  landing. 

A summary  of  system  operational  parameters  is  given  in  Table  1. 

For  measurement  of  the  low  latitude  airglow,  four  6200  A images  and  two 

O 

5577  A images  were  made  each  minute.  Both  wavelengths  were  recorded  on  video 

O 

tape.  The  6300  A images  were  also  used  to  drive  the  red  gun  of  the  KGB  monitor 
which  was  photographed  with  the  time  lapse  16  mm  movie  camera  on  color  film. 

The  resulting  movie  format  proved  extremely  useful  in  detectitig  fine  structure 
within  the  airglow  images,  as  well  as  displaying  drift  motion  of  the  airglow  struc- 
tures. To  maximize  signal  to  noise,  the  images  were  all  made  with  a 2 sec  inte- 
gration time,  and  tube  high  voltage  was  adjusted  to  achieve  properly  exposed 
images.  At  the  high  voltage  settings  used,  the  dynamic  range  of  the  images  was 
' 25  to  250  K for  weak  airglow  levels  and  ^ 60  to  600  R for  bright  airglow. 
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Table  1.  Summary  of  System  Specifications 
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Field  of  View 

155“ 

Pass  Hand 

25  A at  fl.4;  5 A at  f8 

Resolution 

1 72^’  zenith,  2*^  horizon 

Spectral  Response 

S-20,  exceeding  100  nA /lumen 

Picture  Storage 

No  detectable  degradation  for  up  to  3 seconds 

Tube  Gain 

Photon  noise  granularity  visible  above  tube 
noise 

Threshold  Sensitivity 

20  R at  2 sec  exposure 

1 kR  at  30  frames /sec 

Dynamic  Range 

20  R to  10  kR  covered  by  3 preset  High  Volt- 
age settings 

Flatness  of  Field 

30  percent  loss  at  edge  of  field 

Repetition  Rate 

Typically  20  sec  for  complete  filter  cycle 

Temporary  Storage 

Video  disc,  three  video  tracks,  one  sync 
track 

Permanent  Storage 

Video  tape  deck,  time-lapse  type  (9  hour 
recording  time  on  a single  reel);  16  mm 
and  3 5 mm  time-lapse  cameras 

Process  Controller 

In-field  programming  capability 

Display  Systems 

Four  black  and  white  monitors,  9 in,  diagonal; 
color  monitor,  RGB  and  A minus  B input, 

12  in.  diagonal 

Real-Time  Display 

Simultaneous  fully  registered  display  of  three 
filter  channels.  Capability  of  displaying 
the  difference  of  any  two  pictures.  Display 
of  two  or  three  filters  as  pseudo-color  on 

RGB  monitor 

Character  Generators 

Date/time  display  on  each  frame  for  frame 
identification 

Digital  Fncoding 

Digital  encoding  of  time  and  housekeeping 
data  for  computer-controlled  data  handling 

Flight  Heading 

Digital  display  of  flight  heading  for  recording 
(three  digit  BCD  TTL  compatible) 
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3. 1 Airflow 

In  addition  to  the  large  arale  " Intertropical  area"  obaerved  by  Barbler  at  low 
latltudea  in  the  African  aector  (Barbier, and  Barbler  et  al  ).  medium  acale  air- 
glow  atructurea  have  also  been  Inveatlgated  for  many  years.  Steiger  and 
Van  /.andt  and  Beteraon^  measured  localized  enhancements  In  the  6300  A Ol  air- 
glow  which  take  the  form  of  patches,  east -west  urea  and  north -south  ridges. 

These  measurements  were  made  with  conventional  filter  photometers  performing 
azinvuth  scans  at  several  zenith  angles.  A map  of  alrglow  intensity  contours  Is 
produced  by  combining  all  of  the  scans  for  an  assumed  emission  height.  Because 
of  the  large  amount  of  data  reiiuired  to  produce  a detailed  contour  map  using  this 
technique,  practical  considerations  limit  the  zenith  angle  increments  (spatial 
resolution)  to  iticreuse  the  tenqHiral  resolution.  The  nieasurements  of  Van  Zandt 
and  Peterson^  achieved  ~ 150  km  (radial)  resolution  (at  250  km  altitude)  with 
successive  6300  A maps  separated  by  15  min.  While  this  resolution  is  sufficient 
to  map  large  scale  structures  In  the  night  alrglow,  it  is  insufficient  for  a detailed 
description  of  medium  scale  structures  and  drifts.  The  all-sky  imaging  photom- 
eter used  in  the  present  study  overcomes  these  resolution  limitations.  Figure  3 is 
an  example  of  a 6300  A airglow  image  (photographed  from  the  tape-recorded  video 
frame)  using  a 2 sec  integration  time.  The  grid  lines  are  magnetic  meridians  at 
l"  increments  for  an  assumed  emission  height  of  250  km.  Care  must  be  exercised 
in  the  interpretation  of  features  near  the  edge  of  the  field  of  view.  Although  the 
van  Hhijn  effect  tends  to  increase  the  apparent  alrglow  intensity  at  large  zenith 
angles  (a  factor  of  2.  7 for  75®  zenith  angle  at  250  km  emission  height),  the  wide 
angle  lens  suffers  serious  vignetting  toward  the  edge  of  the  field  of  view  (a  factor 
of  3.3)  (Mende  et  al^).  The  two  effects  act  in  op|>osltlon,  but  vignetting  exceeds 
van  Hhljn  enhancement  at  the  edges,  often  resulting  In  a perceptible  dark  band 
around  the  image  for  the  weak  alrglow  features  under  consideration.  The  narrow 
north-south  strlatlons  about  1/2®  west  of  zenith  arc  the  three  wires  of  the  lonosonde 
antenna  which  stretch  above  the  all-sky  lens.  Bright  alrglow  fills  the  portion  of 

6.  Barbler,  D.  (1061)  I.es  variations  d'lntenslte  la  rale  6300  A la  luminescence 

nocturne,  Ann.  Geophys.  17;5. 

7.  Barbler,  D. , Weill,  G. , and  Glaume,  J.  (1961)  (.'emission  de  la  rale  rouge 

du  cle’l  nocturne  en  Afrlque,  Ann,  Geophys. 

11  .Steiger  W.  R.  (1967)  I.ow  Batltude  Observations  of  Alrglow,  In  Aurora  and 
Alrglow,  edited  by  B.M.  McCormac,  p.  419,  Relnhold,  New  York. 

9.  Van  Zandt,  T.  K, , and  Peterson,  V.  1..  (1968)  Detailed  maps  of  tropical 

6300  A nlghtglow  enhancements  and  their  Implications  on  the  Ionospheric 
F2  layer,  Ann.  Geophys.  24:747. 
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Figure  3.  Example  of  an  All  Sky  Photometer  Airglow  Image  Showing  a North- 
aouth  Aligned  Depletion.  The  grid  lines  are  magi\etli’  meridians  at  1°  inter- 
vals. The  ground  projection,  assuming  230  km  emission  heiglit  is  also  shown 


the  sky  from  overhead  to  the  western  horizon  and  from  2^’  east  of  the  aircraft 
zenith  to  the  eastern  horizon.  Several  stars  are  also  visible  in  the  image.  The 
dark  north-south  band  or  airglow  depletion  between  the  two  bright  regions  is  a 
phenomenon  which  was  routinely  observed  at  low  latitudes  and  is  a result  of  de- 
creased ionization  below  ~ 300  km.  The  ground  projection  on  the  right  side  of 
Figure  3 gives  an  indication  of  the  size  of  the  field  of  view  and  the  orientation  and 
dimensions  of  the  airglow  depletion,  about  1H3  km  east-west  and  1200  km  north- 
south. 

The  airglow  depletion  shown  in  Flgvire  3 drifted  from  west  to  cast  across  the 
entire  1200  km  field  of  view  of  the  imaging  system.  This  motion  is  evident  in 
Figure  4 which  shows  airglow  images  for  the  flight  period  in  15  min  intervals. 

This  flight  consisted  of  a series  of  short  north-south  legs  along  a magnetic  merid- 
ian 300  km  west  of  Lima,  Peril.  All  images  have  been  reoriented  with  magnetic 
north  at  the  top,  and  east  to  the  left.  The  images  between  0100  and  0200  HT  show 
a low-level,  unstructured  glow  tiOR)  with  some  enhancement  to  the  south  due  to 
increased  emission  from  the  equatorial  edge  of  the  Appleton  anomaly.  The  Milky 
Way  is  visible  in  the  0100  to  0145  PT  images  as  a slight  enhancement  aligned  in 
the  SE-NW  direction.  The  airglow  depletion  is  visible  on  the  western  horizon  as 
early  as  0200  UT.  During  the  next  150  min.  the  depletion  drifts  toward  the  east 
at  ~ 92  m/sec  and  leaves  the  field  of  view  by  0445  UT.  When  directly  ovei-head 
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Kigure  4.  All  Sky  (155*^  Field  of  View)  6300  A C)1  Airglow  Images  at  16  min  Inter- 
vals From  0100  to  0545  UT,  17  March  1977.  The  grid  indicates  the  projection  of 
magnetic  longitudes,  at  1°  intervals,  for  an  assumed  emission  height  of  250  km. 

The  black  and  white  dots  represent  the  location  of  approaching  and  receding 
oblique  F-reglon  ionosonde  backscatter  returns,  respectively 

at  0330  UT  the  depletion  is  l(i5  km  wide.  Generally,  the  eastern  or  leading  edge 
of  the  depletion  is  closely  aligned  along  a magnetic  meridian.  The  subject  of 
alignment  will  be  considered  further  in  .Section  5. 

3.2  lonocondr 

Simultaneous  measurements  from  the  aircraft  ionosonde  help  define  the  bottom - 
side  ionospheric  (electron  density)  structure  responsible  for  the  airglow  depletion. 
Figure  5 shows  the  virtual  range  of  overhead  and  oblique  F-layer  echoes  for  the 
period  of  interest. 

The  range  changes  of  the  oblique  echoes  suggest  the  approach  and  recession 
of  scattering  fronts  associated  with  the  airglow  depletion.  For  comparison,  the 
estimated  location  of  the  scatterers,  determined  from  the  measured  range  to  the 
oblique  echoes,  assuming  a height  of  250  km  are  indicated  as  dots  on  the  airglow 
image  in  Figure  4.  The  white  dots  indicate  range  to  approaching  echoes  and  the 
black  dots  indicate  the  receding  echoes.  This  comparison  shows  that  the  approach- 
ing echo  is  associated  with  the  trailing  (western)  edge  of  the  airglow  depletion  while 
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Figure  f).  Model  of  an  Eastward  Drifting  Dottoinside  Ne  Depletion  or  Corruga- 
tion Based  on  (Observed  lonosonde  and  Airglow  Faraineters.  The  measured 
ranges  of  oblique  returns  and  the  virtual  height  of  the  overhead  F-region  are 
compared  with  range-height  changes  expected  from  the  passage  of  the  model 
bottoms ide  structure  over  the  ionosonde 


the  receding  echo  is  associated  with  the  leading  (eastern)  edge.  A simple  bottom- 
side  model,  also  shown  in  Figure  5,  has  been  postulated  to  explain  the  airglow 
depletion  and  the  observed  ionosonde  returns.  A bottomslde  electron  density 
depletion,  having  the  same  width  and  drift  velocity  as  the  airglow  depletion,  would 
produce  oblique  echoes,  using  geometric  considerations  only,  via  ray  paths  bj 
and  b2.  The  ranges  to  oblique  and  overhead  echoes  via  ray  paths  bj  and  b^  are 
shown  as  solid  lines  in  the  lower  part  of  F'igure  5 for  the  assumed  model.  Com- 
parison with  the  data  shows  good  agreement,  considering  the  uncertainty  of  the 
actual  ray  paths. 

3.3  VHF  Barluraltrr  Radar 

The  50  MHz  Jlcamarca  Backscatter  Radar,  in  Peru,  was  operated  during  the 
aircraft  flight  to  determine  the  relationship  between  F-region  irregularities  meas- 
ured by  the  radar,  airglow  depletions,  and  amplitude  fluctuations  on  satellite  signals. 
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Siiiiif  ifi'fj'uUii-itU’s  ar»‘  .sreii  in  tin'  1i>w«t  I'  -ffUiuii  Ifinii  tiu'  I'fniimiiij;  of  tlic 
iibservat ii>ns  viiitil  OiiOO  V'T.  Starting;  at  Ollfi"  l!T  tIu'  I'icril  fcluifs  from  an  rxIciKlod 
rrnion  of  irrt‘K\ilaritif.s  art*  iibsorvi'd  at  f>00  to  (iOO  km  hoijjlit.  Tltis  distvirl'am'r 
1‘ventually  invulvos  tlir  wliolr  I '-la'f'ion  I'ftwm-n  175  and  (170  km.  1 rrr(,adaril io-i  in 
tlif  l'  -ro^!ion  Indow  500  km  iliHappca r liotwrim  0450  l''J'  (500  km  Irvrl)  and  Otat*  I I 
(500  km  It'vol),  wliili'  sonu'  very  weak  irref;iilaritu-s  above  500  km  are  ob-^erved 
until  0555  I'T.  The  relatively  uniform  diffuse  backfjrotind  appearinj^  at  the  first 
digital  level  (0  to  ti  dlt  above  tliresliold)  was  eaused  liy  a eomputer  mal funet ion,  and 
does  not  indicate  the  existence  of  a diffuse  back)ji-ound  of  weak  iri'emilarit  les. 

To  as-ii'ss  • 1 elation  between  the  airfjlow  depletion,  the  baekseatter  echoes 
and  umospheru'  irrcjfularities  which  cause  amplitude  scintillation,  the  two  dimen- 
sional cross  section  derived  from  airj'low  and  scintillation  meastirements  is 
sxiperposed  on  I'ij.'ure  ti.  The  arrival  time  of  the  airflow  depletion  at  the  .lieamarca 
meridian  is  0410  TT.  At  a velocity  of  02  m 'sec,  the  1(15  km  w ide  airflow  deple- 
tion passed  over  Jicamarca  in  exaetly  50  min.  'Vtiis  determines  the  horizontal 
extent  of  the  cross  section  shown  in  l'’ijp.ire  (1.  Using  appropriate  elevation  angles 
for  a ray  path  to  the  I.KS  0 geostationary  satellite.  (Pj  and  P.,),  the  ray  paths  at 
the  onset  and  end  times  of  the  tibserved  atnplitude  scintillations  determine  the 
altitude  limits  of  irregularities  within  the  ionospheric  cross  section.  This  occurs 
because  the  eastward  drift  of  ttie  irregularity  region  effectively  moves  the  ray 
path  from  lower  to  higher  altitudes  through  this  region.  As  the  fig\ire  shows,  the 
estimated  volume  is  in  general  agreement  with  the  observed  baekseatter  cloud. 
There  is  a discrepancy  between  the  shape  of  the  simple  cross  section  based  on 
airglow  and  scintillation  observations  and  the  envelope  of  5 m irregularities  shown 
in  the  figure.  In  this  exam|>le,  5 m irregularities  extend  over  a largei-  east-west 
distance  than  is  reflected  in  the  airglow  dimension,  and  over  a smaller  height 
T-ange  than  suggested  by  the  scintillation  measurements. 

From  the  combined  airglow,  ionosonde,  50  Mllz  baekseatter  and  scintillation 
measurements  for  the  isolated  airglow  depletion  of  17  March  1077,  lluchau  et  al^ 
concluded  that  all  of  these  measurentents  are  different  aspects  of  the  same  phe- 
nomenon, a Vfilume  of  reduced  electron  density,  containing  meter  to  kih'meter 
sized  irregularities,  extending  throughout  the  entire  F-region  t-ausing  scintillation 
on  ray  paths  which  intersected  this  volume. 


4.  MUI.TIPI.F  STRU(.TUKFS 

In  addition  to  the  isolated  airglow  d^•pletions,  multiple  depletions  have  also  been 
observed  with  the  all-sky  imaging  (ihotmuetc'r.  Figure  7 shows  at\  example  v\r  t\'uv 
depletions  existing  simultaneously  within  ti"  of  longitude,  at  0445  PT,  20  March  li'77 
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Figure  7.  6300  A All  Sky  Photometer  Image  at 

0445  I'T,  20  March  1977  With  Four  Well- 
developed  Airglow  Depletions 


in  the  Peru  sector.  The  location  of  the  east  and  west  edges  of  all  the  depletions 
observed  throughout  this  flight  were  determined  from  the  photometer  Images  and 
are  shown  in  Figure  8 together  with  ►he  aircraft  flight  track.  The  figure  clearly 
shows  the  eastward  drift  of  the  depletions  early  in  the  evening,  with  a gradual  de- 
crease and  eventual  cessation  of  eastward  drift  by  local  midnight.  There  is  also  a 
tendency,  on  this  day,  for  depletions  observed  early  in  the  evening  (I  and  11)  to  be 
considerably  wider  than  those  observed  near  midnight  (III-VII). 

The  time  history  of  the  F-layer  virtual  height  (h'F),  determined  from  the 
aircraft  ionograms,  is  shown  in  the  lower  panel  of  Figure  8 to  illustrate  F-layer 
height  variations  associated  with  the  airglow  depletions.  An  increase  in  the  layer 
height  occurs  as  the  aircraft  passes  under  depletion  I,  11,  III  and  V.  These  height 
increases  are  25  to  40  km,  approximately  the  same  as  that  observed  for  the 
isolated  depletion  discussed  in  Section  3 and  substantiate  the  earlier  results  of 
Van  Zandt  and  Peterson.^  The  agreement  between  height  variations  and  depletion 
regions  is  not  perfect,  however,  and  this  may  be  related  to  the  Inherent  difficulty 
of  ionosondes  to  detect  narrow  electron  density  troughs  or  depletions  (Lobb  and 
Tltheridge^®). 

10.  Lobb.  R.J.,  and  Tltheridge.  J.E.  (1977)  The  effect  of  travelling  ionospheric 
disturbances  on  ionograms,  J.  Atmos.  Terr.  Phys.  39:129. 
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Figure  8.  Ground  Projection  of  the  East  and  West  Edges  of  ^irglow  Depletions 
Observed  During  the  Flight  of  20  March  1977  to  Illustrate  the  Eastward  Drift,  and 
the  F-layer  Virtual  Height  Changes  Associated  With  the  Depletions 


5.  AIRGLOW  DKPLKTIONS  AT  ASCENSION  ISLAND 


The  airglow  measurements  discussed  thus  far  were  made  within  a few  degrees 
of  the  magnetic  equator  near  Lima,  Peru  to  achieve  close  coordination  with  the 
Jicamarca  radar.  As  previously  discussed,  a primary  objective  was  to  measure 
airglow  signatures  associated  with  the  plasma  depletions  or  plumes.  The  plumes 
are  thought  to  arise  from  a Rayleigh -Taylor  type  instability  (Kelley  et  al,  and 

references  therein)  which  depends  on  a steep  bottomside  vertical  density  gradient 

12 

and  a minimum  altitude  of  the  F2  peak  (Ossakow  et  al  ).  These  initial  conditions 


11.  Kelley,  M.  C. , Haerendel,  G. , Kappler,  H. , Valenzuela,  A.,  Balsley,  B.  B. , 

Carter,  D.A.,  Ecklund,  W.  L. , Carlson,  C.W.,  Hausler,  B.,  and 
Torbert,  R.  (1976)  Evidence  for  a Rayleigh-Taylor  type  instability  and 
upwelling  of  depleted  density  regions  during  equatorial  spread  F, 

Geophys.  Res,  Letters  3:448. 

12.  Ossakow,  S.  L. , Zalesak,  S.T.,  McDonald,  B.  E. , and  Chaturvedi,  P.  K. 

(1979)  Nonlinear  equatorial  spread  F:  dependence  on  altitude  of  the  F peak 
and  bottomside  background  electron  density  gradient  scale  length, 

J.  Geophys.  Res.  84:17. 
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lemi  tn  t»  po.'.itlv*-  I’liiMth  l<>i'  tin-  iiistatMlitx  ( Si  amuipu-i-o  ami  i '.-isukviw  ' ) 

fan  Ihfii  1>«‘  initiativl  l'>  nutntally  i>ff urrin^j  eU‘i'tii>n  il**n.sit\  peitnibatUMia.  Ue- 
I'auat*  I'f  iht"  ilff  roimoil  vi>Uu\u*  «*iuis.sii<n  rate  I'f  li.'lOO  A at  altitiules 

(il»*l«Minti\t'il  !>>  th«‘  tnulfvnlai-  oxygon  pinl'ile).  tin*  niiniimiin  l'-lay«*i-  lifiKt't  i'«*- 
l\)i'  plume  l\n'matu>n  alsv>  leaila  ti>  very  U>w  air^U>»  mtenattiea.  Ttius,  it 
is  hi>!hl\  unlikely  that  the  ilevelopiiient  I'f  plumes  after  sunset  will  he  ohserveft 
through  tt.lOO  A air^h'w  near  the  maBttetie  enuatiir. 

Ituriti):  Mareh  l!>77  aiul  Mareh  ll<78.  the  Al'C.l  AirNirne  Umnspherie  I'hservu- 
tni'N  maile  Ih  l'li);hts  at  enuaturial  latitudes  hemnmng  at  sunset,  t'li  imiie  of  these 
oeeasions  was  the  aetual  h'rmatlon  of  a ilepletlim  iihserveil  in  the  amhient  airjjU'W 
layer.  Katlu'i',  wh«Mi  the  |Hi.-.t -sunset  uuiosphere  ileereaseil  m heijjht  ih'l'  - 27;>  km), 
airflow  intensities  inereaseil  above  the  all  .sky  photometer  ileteetioii  threshohl 
(s  amt  ftillx  ilevehipeil  ilepletions  heeanie  visible  as  ilark  bamls  in  the  ambi- 

ent aii'fc'low.  I'll  several  oei  asions,  the  h'-layer  height  reinaineil  above  75  km  for 
the  entire  ni»;ht.  aiul  no  air>;low  >ti‘plet ions  were  visible,  even  though  plumes  ami 
seintllUitlons  were  observeil. 

I'll  10  I I Mareh  lt'78,  a flinht  from  .Asi-eiisuiii  Islamt  t7.  I8"s 

Ma^jiietie  I atltiale)  ih-si^jneit  to  niv«‘stinate  the  southern  (polewaril)  extent  of  uuui- 
spherie  irrei.'ularities,  ami  lon^ltmlinal  vai'iations  (Hasii  et  al'^l  in  the  km-size 
li're*;iilarities  proviileil  eonsulerable  new  information  on  the  morphology  of  airflow 
ilepletions.  The  11.100  .A  im.ifjes  for  this  flight,  at  10  mm  intervals,  are  shosvn  in 
ITHure  0.  .All  images  have  been  reot  lenteil  with  mannetie  north  at  the  top  anil  east 
to  the  left.  ’I  hi-  flight  traek  m I i^;iire  10  shows  the  aireraft  iH'sitioil  ami  flij;ht 
illreetlon  in  ls>th  »;eoi:raphle  ami  nia»!nelie  eoorilinates  for  eoinparison  with  the 
lmat;es  in  l■■l^;ttre  These  measurements  were  maile  at  higher  maj^iietie  latitmles 
than  those  in  the  I'erii  seetor  aiiil  shi>w  several  ini(H<rtant  features.  The  images 
from  7100  ti<  71  >0  I T show  the  eiiu.storw aril  eilije  of  the  east-west  alijiiieil  niter- 
tropieal  are  or  airflow  eiihaneement  assoeiateil  with  the  -Appleton  anomaly.  This 
eil^e  IS  visible  as  early  as  7070  l"l  ; however,  this  linage  also  show.-?  some  twilight 
enhaiieement  to  the  west.  Air^-low  ilepletions.  presumeil  to  be  an  extension  ot  the 
same  phenomenon  nieasiireil  at  the  enuafor,  extern!  into  the  intertropieal  are.  The 
most  southei'lx  images  at  0000  to  0070  TT  show  air>;lovv  ilepletions  whieh  exteiul 
eompletely  throimh  ami  reaeh  to  the  poleward  eil^e  i>f  the  are. 

The  depletions  are  approximately  alifftied  alon>;  nia>;netie  meridians.  The 
alitsnmei't  of  airflow  depletions  may  be  liiii'ortant  in  iimlerstamlin^  the  develop- 
ment phase  of  bubbles  i>r  plumes.  Previous  measurements  have  been  unable  to 

Id.  .S»-annapieeo.  .A..I..  ami  I'ssakow,  .S.  1 . tlt>7t!)  Non-linear  enuatorial  spread  I', 
liei'phys.  lies.  1 etters  .1;4  >l 

14.  Uasii.  .S.  , Itasu.  ,S. , ami  Kahn,  It,  K.  i l!'7ti>  Model  of  eipiatorial  seintlllations, 
fiir  in  situ  mi'asurements,  lladiii  .’dm.  11:871, 
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Fl^re  10.  Ground  Track  for  the  Kliirht  of 
10/11  March  1978 


accurately  determine  aliRnment  because  of  insufficient  spatial  resolution  (conven- 
tional photometers)  or  because  the  observing  technique  measured  onlv  the  east- 
west  horizontal  dimension  at  a fixed  latitude  (incoherent  radar,  satellite  and 
rocket  detectors).  Theoretical  studies  (Ossakow  et  al*^;  Scannapieco  and 
Ossakow  ) and  models  (Woodman  and  La  Hoz'S  consider  plume  development  only 
in  the  east -west  and  vertical  dimensions.  After  a plume  has  developed,  it  is 
reasonable  to  assume  alignment  along  magnetic  field  lines  in  the  absence  of  elec- 
tric fields,  and  the  photometric  images  confirm  this  alignment.  During  the  initial 
development  phase,  however,  alignment  may  depend  on  the  nature  of  the  Kittom- 
aide  electron  density  fluctuation  or  perturbation  which  initiates  the  instability.  If 
the  perturbation  is  the  result  of  a natural  gravity  wave  and  the  associated  Travel- 
ing Ionospheric  Disturbance,  the  perturbation  may  be  aligned  with  the  terminator. 
Also,  ionospheric  electric  fields  may  result  in  alignment  other  than  along  magnetic 
field  lines  (McC..  - et  al  ').  Because  of  the  large  magnetic  declination  at 

15.  McClure.  J.  P. , Hanson,  W.  B. , and  Hoffman,  J.  H.  ( 1977)  Plasma  bubbles 
and  irregularities  in  the  equatorial  ionosphere,  J.  Geophys,  lies.  82:2l>50. 
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Asi-on.-iUiii  I.slatul  ('Jo‘’u).  a i h-ar  (ii.stitu  tioii  botwfi-ti  ni-oKi'aphic  and  maniudit- 
alijfnnu-nt  is  possible.  In  this  ii>nion,  the  photoinetei-  iinaBes  show  alipninient 
alonfi  niaKtietie  I'ield  lines.  .Alignment  detennination  in  Pern  was  more  diflieult 
due  to  the  small  declination  (l‘’i;l.  There  are  cases  where  the  (Kdeward  ends  of 
lht‘  det>letit>ns  caret*  ttnvard  the  west  (depl  et  ion  west  ttf  zenith  at  00-01  1 ),  1 his  mav 

be  the  optical  manifestation  of  the  "westward"  drift  (with  respect  to  the  background 
plasma)  cd'  plasma  bubbles  reported  by  McClure  et  al  ‘ using  Atmos()heric  Kx/tlorer 
ion  drift  measurements. 

Variations  occur  in  the  maximum  polewaril  extent  of  the  depletions  as  seen  it) 
the  2210  IT  image.  Iti  this  case,  the  two  di-pletions  in  the  center  of  the  image 
terminate  at  ^ lu”  M.  l.tit.,  while  the  single  depletion  to  the  east  extends  to  ^ 24‘’ 
M.  I.at. 

We  propose  that  the  ends  of  the  airglow  depletions  represent  the  lower  alti- 
tude 2r)0  km)  termination  of  plasma  depletions,  or  bubbles  and  that  through  the 
use  of  a suitable  magnetic  field  model,  the  bubbles  can  bo  traced  to  lower  magnetic 
latitudes  and  to  higher  altitudes.  The  magnetic  latitude  reached  by  the  end  of  the 
depletion  should  thus  map  to  the  highest  altitude  reached  by  (he  bubble  at  the 
magnetic  epuator.  In  the  present  example,  the  depletion  terminating  at  -IH*'  M. 

I.at.  traces  to  780  km  at  the  epuator  (IC’.PF  ISTfi  magnetic  field  model)  and  the 
depletion  ending  at  -2d'’M.  I.at.  traces  to  1200  km.  In  this  longitude  sector,  there 
is  presently  no  means  to  verify  these  altitudes.  However,  they  are  well  within  the 
height  of  ranges  of  bubbles  observed  at  Jicamarca  (Woodman  and  (.a  Hoz'S. 

Amplitude  scintillations,  measured  during  this  period  on  the  aircraft  and  at 
Ascension  show  that  the  ends  of  the  airglow  depletions  represent  the  poleward 
limit  of  ionospheric  irregularities  of  kilometer  scale  size.  The  magnetic  longitude 
of  the  east  and  west  edges  of  aii-glow  depictions  observed  during  the  flight  are 
shown  in  Figure  11.  Also  shown  is  the  Ascension  Island  magnetic  meridian  and 
the  magnetic  longitude  of  the  aircraft  flight  ti-ack.  The  airglow  depletions  drift 
from  west  to  east  through  the  aircraft  zenith.  The  amplitude  scintillation  measure- 
ments were  made  using  the  MAHI.SAT  geostationary  satellite  which  was  almost 
directly  ovci'head  (clevatiim  angle  28.')'^’).  The  lower  panel  in  Figure  II  shows  the 
scintillation  index  (a  measure  of  the  signal  fluctuation)  for  this  period,  as  deter- 
mined from  the  airborne  satellite  data. 

•Scintillations  begin  as  depletion  I drifts  over  the  aircraft,  but  continue  after 

the  western  edge  has  moved  to  the  east  of  the  aircraft.  This  effect  has  been 

4 

reported  by  Huchai.i  et  al  and  may  be  related  to  westward  tilts  in  the  topside  of 
the  depletion  region.  Similar  effects  are  observed  for  depletions  (11  and  \T.  iVote 
that  depletion  II  which  terminated  north  of  the  satellite-to-aircraft  ray  path  (sec 
Figure  9)  was  not  associated  with  a scintillation  event. 
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Figure  11.  Ground  Projection  of  the  East  and  West  Edges  of  Airglow  Depletions 
Observed  During  the  Fli^t  of  10/11  March  1978,  and  the  250  MHz  Scintillation 
Index  Measured  on  the  Aircraft 


■Scintillations  measured  on  the  ground  at  Ascension  were  essentially  identical 
to  those  measured  on  the  aircraft,  except  that  depletion  11,  which  passed  directly 
over  Ascension  resulted  in  a well  defined  scintillation  event  (J.  Aarons,  private 
communication).  Thus,  the  airglow  depletions  accurately  map  the  regions  con- 
taining ionospheric  irregularities,  and  these  regions  have  a sharp  boundary  (within 
~ 1.  5°  of  latitude)  as  they  map  down'magnetic  field  lines  from  the  equator  to  their 
low  altitude  termination.  Measurements  are  planned  to  investigate  this  aspect 
further  by  simultaneously  measuring  airglow  depletions  and  scintillations  near  the 
low  altitude  termination  of  field  lines  which  pass  above  the  Jicamarca  radar. 
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6.  KLKCTRON  DENSITY  ESTIMATES  FROM  AIRGEOW  MEASUREMENTS 


Airglow  intensity  measurements  provide  a means  for  estimating  the  bottom- 
side  electron  density  within  airglow  depletions.  Although  other  remote  measure- 
ments (ionosonde  and  VHF  backscatter  radar)  map  the  location  of  depletions 
through  associated  irregularities,  they  do  not  provide  a quantitative  measure  of 
ionization  levels  within  the  depletions. 

Through  the  use  of  a simple  model,  airglow  measurements  can  provide  a 
quantitative  estimate  of  the  average  bottomside  electron  density  structure  for 
comparison  with  other  experimental  observations  and  numerical  models, 

Airglow  intensities  were  measured  on  the  aircraft  with  aim  Ebert-Fastie 
scanning  spectrometer,  and  with  a narrow  band,  tilting  filter  photometer.  The 
spectrometer  views  the  zenith  with  a 4.  5°  X 5°  field  of  view;  an  area  of  20  km  X 
20  km  for  an  assumed  emission  height  of  250  km.  Because  of  the  relatively  large 
spectrometer  field  of  view,  the  tilting  filter  photometer  (1.  6°  field  of  view)  was 

used,  when  available,  to  map  intensity  changes  across  narrow  depletions. 

16  ® 

Following  the  method  outlined  by  Noxon  and  Johanson,  nighttime  6300  A air- 
glow results  from  the  following  sequence  of  reactions: 


O + On 


^0^  + 0 


Og  + e — ►0(*D)  + O 


0(^D) — ► 0(^P)  + hv  (6300,  6364) 


0(^D)  + N2— ^O(^P)  + N2 


The  6300  A volxime  emission  rate  is  given  by: 


dl(6300)  = (0.  75  k^  e [Ngl  f02l  /(I  + kQlN2l  /A))  dh 


where  k^  e = 1.  4 X lO”^^  cm^  sec'\  ItQ  = 7.  0 X 10*^^  cm^  sec  \ A = 10^  sec  ^ 
(see  Noxon  and  Johanson^^  for  a more  complete  discussion).  The  N2  and  O2 


16,  Noxon,  J.F, , and  Johanson,  ^.F.  (1970)  Effect  of  magnetically  conjugate 
photoelectrons  on  01  (6300  A),  Planet,  and  Space  Sci.  18:1367. 


I 


I'niii'riit  lat  Inns  iiir  ulifiiiiu-il  I'lxiii  llu-  1!I77  Jai'chu.  iiiuili*!  atiiu>.s|ilifr»'.  TIu* 
iii(‘asvii'<'il  (i.UU)  A t'oluniii  fmi.-isum  is  ihcii  l>\ : 


Ari'ciiliii^  lo  Markhaiii  ft  al,  ***  vai  ialinns  iii  li.tOdA  intciisitv  i>Vfr  ll!>*’  ul' 

latitiulf  ncai'  ttu-  nia^iK'tit'  ruimlin'  ar«‘  iluf  to  itiaiifji's  iii  tin*  cliat  iini  I'Diufiit  lal  uai, 

aiul  not  to  variations  in  tlir  atinosplifrlr  inoloonlar  lonri-nt  rat  ion.  I'or  I tie  prost'iit 

work,  wr  assiiinr  Itiat  all  of  Ilir  (ktlUl.A  omission  is  proiliiooil  in  tlio  altitmlo  raii^jo 

from  km  ilowii  to  tlio  l>aso  lioi^lit  of  tlio  I'-lavor,  li'f  , moasurod  l>v  tlio  airoraft 

ioiiosoiiil(‘,  ami  tliat  spatial  variations  m tla-  airflow  art'  duo  lo  s|>atial  variations 

in  tlio  olootron  ooiioont  rat  ion  witlnii  tho  samo  altitudo  ran^>o.  'I'liis  allltiido  raii^jo 

IS  appropriato,  siiu'i*  aliovo  dMI  km,  tlio  dooroasi'd  ooiioont  rat  ion  id'll,,  loads  to 

dooroasi'd  omission,  and  liolow  li' 1'  (ddO  km  miiiimiim  moasurodi  i|iioiioliintt  of 

OCD)  I'V  N.,  Iiooomos  important.  .Also,  tlii‘  oi)natorial  loiiosptu'ro  oxliilnts  a stoi-p 
“ I ‘1 

liottomsido  ^radlont  in  tlio  ovoiim^j  (I'arlov  ot  al  ' I and  tlio  olootron  ooiioont  rat  ion 
liolow  li'k'  is  fjroatlv  diniinisliod.  In  ronions  wlioro  ii*  is  tlio  dominani  ion  (almvo 
' LMO  km).  111  1 |No|  and  tlio  sfi'op  liottomsido  uradioiil  in  O*  loads  to  dooroasod 
prodiiotion  of  UCD)  liolow  li'l'  tliroiifjti  ronotiiiiis  (1)  and  (J).  As  an  a|ipro\imat ion, 
tlio  moasnrod  virtual  Iniso  lioinlit,  li'l',  lias  lioon  usod  as  tlio  tvno  liaso  lioi^;lit, 
li|ni|,  sinoo  sproad  k'  oonditions  and  tlio  L’  Mil/  low  Irtsinonoy  ontoff  of  tlio  air- 
liorno  lonosoiulo  (irovonf  dotorminat  ion  of  tlio  aotnal  daso  lioinlit  tlironuli  t riio  lioi^jlit 
analysis.  Itooaiiso  of  tlio  stoop  tiottonisidi'  j^radioiit,  liowovor,  siitist itnt ion  of  li'l 
fur  lium,  •'  rosnlts  in  only  a small  orror. 

To  dorivo  tlio  avorauo  olootron  donsity  ovor  tho  lioinlit  raii^;o  li'l'  to  dsO  km, 

wo  roplaoo  |No|  in  o(|nation  (,A)  hv  an  avora^o  olootron  donsitv,  (Noi,  wtiioli  duos 

' • 

not  vary  ovor  this  altitudo  raiifio.  lloro  ^ NoN  is  dofinod  as: 


( No\ 


:i  fio 

f |No| 
h'K 


h'l') 


(7) 
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Figure  13.  Ground  Projection  of  the  Airglow  IJepletions.  Ii300  A 
Zenith  Intensity,  F-layer  Virtual  Height  and  f'alculated  Average 
Bottomside  Electron  Density  for  the  Flight  of  10  11  March  1077 
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The  average  electron  density  is  then  related  to  the  measured  (>300  A intensity 
through: 


1(6300) 


/ 350 

/ j (0.  75  kj  e lO^I /(I  > kj^lN^I/A)) 
/ h*'!-’ 


The  average  density  has  been  calculated  for  two  flights  previously  discussed 
20  March  1977  near  the  magnetic  equator  and  10/11  March  1978  within  the 
Appleton  anomaly.  Figure  12  shows  the  location  of  the  airglow  depletions,  the 
zenith  6300  A intensity,  the  F-layer  base  height,  h'F,  and  the  calculated  average 
density,  (Ne),  for  the  flight  of  20  March  1977.  The  average  density  varies  by  a 
factor  of  ~3  from  outside  to  inside  the  airglow  depletions  (~  66  percent  depletion), 
provided  the  depletions  are  wide  enough  to  be  resolved  by  the  optical  measurement.' 
Depletions  I and  II  are  clearly  resolved,  while  depletions  III,  IV  and  V are  only 
partially  resolved.  Figure  13  shows  the  same  parameters  for  the  flight  of  10/11 
March  1978,  which  ranged  from  -12°  to  -22°  magnetic  latitude  within  the  Appleton 
anomaly.  Although  the  background  electron  density  outside  the  depletions  is  much 
larger  on  this  flight  (compared  with  the  flight  of  20  March  1977),  the  airglow  deple 
tions  are  still  characterized  by  a decrease  of  a factor  of  ~3  in  average  density. 

The  average  density  calculated  from  the  airglow  and  ionosonde  measurements 
can  be  considerably  less  than  the  peak  density  in  the  F-layer.  The  diffen^nce 
arises  when  the  F peak  is  above  350  km  where  these  electrons  contribute  very  little 

c* 

to  the  6300  A emission,  lender  conditions  where  the  bottomside  gradient  is  very 
steep  and  the  F-peak  is  below  350  km,  the  average  density  will  more  closely 
approximate  the  actual  conditions.  In  spite  of  this  limitation,  this  technique  pro- 
vides a means  to  remotely  estimate  the  bottomside  electron  density  for  extended 
periods. 


7.  NORTH-SOUTH  SYMMKTRY 


A flight  from  Ascension  (7.98°.S,  14.42°W,  -18°  M.  I.at. ) to  Zanderij,  .Surinam 
(5.  45°N,  55.  18°W,  *15°  M.  I.at.)  on  12  March  1978  provided  the  opportunity  to 
observe  ionospheric  and  airglow  structures  north  and  south  of  the  magnetic  equator 
within  a 5 hr  period. 

The  two  images  shown  in  F’igxire  14  summarize  the  main  result  from  this  flight: 
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o 

Figure  14.  6300  A Airglow  Images  North  and  South  of  the  Magnetic  Equator 

on  12  March  1978 


airglow  depletions  within  the  southern  intertropical  arc  extending  toward  the  equa- 
tor. Airglow  intensities  fall  below  the  detection  limit  by  -12°  to  -10°  M.  Lat.,  due 
to  the  increase  in  altitude  of  the  F-region  toward  the  equator.  The  airglow  struc- 
tures in  the  0145  UT  image  are  essentially  the  reverse  of  those  in  the  2245  UT 
image;  airglow  depletions  are  present  within  the  northern  intertropical  arc  and 
extend  toward  the  equator.  Thin  clouds  were  present  above  the  aircraft  at  0145  UT 
which  make  the  airglow  structures  less  distinct,  although  the  overall  pattern  is 
evident.  Amplitude  scintillation  measurements  made  on  the  aircraft  show  that 
ionospheric  irregularities,  resulting  in  UHF  amplitude  scintillations  between  25 
and  30  dH  were  present  above  the  aircraft  throughout  the  period  2245  to  0145  UT. 

lonosonde  measurements  made  throughout  the  flight  show  the  existence  of 
bottomside  electron  density  depletions  across  the  entire  observation  region  from 
14°  South  to  over  12°  North  magnetic  latitude.  The  existence  of  these  structures, 
which  were  similar  to  the  isolated  bottomside  depletion  observed  on  17  March  1977 
(described  in  section  3,2  and  Figure  5),  could  easily  be  observed  on  the  time-lapse 
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lli  inin  ionogram  movie.  Heeause  of  the  large  number  of  airglow,  ami  thus  bottom- 
side  depletions  which  were  observed,  approaching  and  receding  echoes  from  the 
individual  depletions  oftet\  occur  at  the  same  virtual  range.  Because  of  these 
superfH)sed  oblique  echoes,  the  motion  of  the  ii\dividual  scattering  fronts  could  not 
be  deduced  from  the  individual  ionograms.  A technique  which  displays  virtual 
range  vs  time  for  a single  frequency  clearly  shows  the  motion  of  the  individual 
depletions  throughout  the  Higlit.  The  three  panels  in  Figure  15  were  produced  by 
by  cutting  narrow  100  Kilz)  strips  from  the  individual  ionograms  at  the  iiulicated 
frequencies.  The  sequence  of  strips  thus  shows  the  virtual  height  and  backseatter 
range  of  echoes  at  the  selected  frequencies  throughout  the  flight.  The  figui-e  shows 
that  the  F-layer  virtual  height  (h'F)  was  found  at  'LMOkm  at  the  U'ginning  of  the 
slowly  increasetl  to  s320  km  as  the  aircraft  apprtmched  the  magnetic  equa- 
tor, and  then  decreased  to  ~275  km  by  North,  and  remained  at  this  height  for 
the  rentainder  ot  the  flight.  These  height  variatioi\s  res\tlted  in  the  changes  in 
airglow  intensities  discussed  above.  Of  significance  to  the  continuity  of  the  deple- 
tions are  the  backscatter  branches.  In  general  these  appear  as  echoes  approaching 
the  aircraft  at  the  lower  frequencies  (3.0  and  3.  5 Mllz);  while  receding  echoes  are 
simultaneously  observed  at  the  higher  frequencies  (5.  5 Mil/).  Comparison  of 
Figure  14  with  Figure  4 suggests  that  depletions  similar  to  that  observed  on 
17  March  1977  were  observetl  continuously  during  the  flight,  even  when  the  absence 
of  airglow  did  not  permit  their  optical  (h)cumentat ion. 

The  structure  ranges  from  a large  number  of  smaller  depletions  In'tween  2145 
and  2330  FT,  to  fewer,  but  better  defined  depletions  while  crossing  the  magnetic 
equator.  During  the  final  segment  of  the  flight  north  of  the  equator,  the  traces 
again  show  smaller,  less  well  defined  structures.  I''rom  this  single  night,  how- 
ever, it  is  not  possible  to  determine  if  the  suggested  change  in  irregularity  struc- 
ture reflects  temporal  or  latitudinal  variations. 

The  frequency  dependence  of  the  backscatter  which  appears  as  larger  amplitude 
echoes  at  lower  frequencies  for  approaching  fronts  (trailing  edge  of  depletions), 
and  at  higher  frequencies  for  receding  front  (leading  edges)  may  be  due  to  a differ- 
ence in  structure  of  the  two  edges  as  reported  by  llbttger. 

From  the  relationship  between  airglow  depletions  and  ionospheric  irregular- 
ities previously  discussed,  we  infer  that  ionospheric  bubbles  or  plumes  extend 
continuously  across  the  magnetic  equator  and  involve  entire  magnetic  flux  tubes. 

The  low  altitude  (higher  latitude)  ends  of  these  plumes  are  made  visible  through 
the  associated  airglow  depletions,  while  the  high  altitude  (lower  latitude)  (xirtion 
can  often  only  be  detected  with  ionosonde,  amplitude  scintillation,  backscatter 


20.  Rottger,  J.  (1973)  Wave-like  structures  of  large  scale  equatorial  spread-F 
irregularities,  J.  Atmos,  and  Terrestrial  Phys.  35:1195. 


«.  SI  MMARV  AM)  DISCUSSION 


I’roin  the  combined  optical  and  ionospheric  measurements  conducted  as  part 
of  the  AI-'Cil,  equatorial  scintillation  studies,  a more  complete  description  of  equa- 
toi-ial  ionospheric  processes  has  emerged.  The  optical  measurements  provide  a 
two-dimensional  bottomside  view  of  the  ionospheric  bubbles  or  plumes  which 
extend  into  the  topside  ionosphere  and  across  the  entire  equatorial  region.  The 
bubbles  are  I'egions  of  low  electi'on  and  ion  density  that  result  from  bottomside 
instabilities  which  propagate  upward  through  the  F-layer  peak,  often  reaching  to 
1000  km  altitude.  Within  these  regions,  ionospheric  irregularities  with  scale 
sizes  fi'om  '.i  m to  10  km  give  rise  to  ftO  MHz  backscatter,  VHF  amplitude  scintilla- 
tion and  spread  F. 

From  combined  airglow  and  ionosonde  measurements,  the  average  bottomside 
electi'on  density  has  been  determined,  inside  and  outside  several  airglow  deple- 
tions. The  results  of  these  calculations  show  typical  depletions  of  ^ 66  percent, 
near  the  magnetic  equator  as  well  as  near  the  southern  Appleton  anomaly.  The 

•)  1 

magnitude  of  these  depletions  agree  with  the  measurements  of  Dyson  and  Henson,  “ 

and  Kellcv  ct  al " ; and  the  numerical  simulation  of  Ossakow  et  al.  They  are, 

however,  much  less  than  the  large  depletions  of  up  to  three  orders  of  magnitude 

1 'i 

reported  by  McClure  et  al,  ' using  AE-C  ion  density  measurements. 

Current  experimental  measurements  and  numerical  simulations  lead  to  differ- 
ent descriptions  of  the  structure  of  the  bottomside  ionosphere  within  a depletion 
region.  The  picture  presented  by  Dyson  and  Uenson^^  is  a depletion  with  limited 
vertical  thickness.  This  implies  that  the  bottomside  ionosphere  is  filled-in  below 
the  depletion  at  all  latitudes  except  where  the  flux  tubes  containing  the  depletion 
map  to  low  altitudes.  In  the  example  presented  by  Dyson  and  Henson  (their 
Figure  4),  the  associated  airglow  depletion  would  be  expected  over  a limited  lati- 
tude range  of  ~300  km,  where  the  plasma  depletion  maps  into  the  bottomside. 
Measurements  presented  in  this  report  show  that  airglow  depletions  often  extend 
for  3000  km  in  the  North-South  direction,  implying  an  absence  of  bottomside  plasma 
over  similar  dimensions.  From  the  airglow  measurements,  we  conclude  that  the 
bottomside  remains  depleted  of  plasma  as  the  top  of  the  depletion  rises  to  high 
altitudes.  Since  single  airglow  depletions  have  been  monitored  by  aircraft  meas- 
urements for  over  two  hours,  the  bottomside  remains  depleted  over  a siniilar  time 
scale. 

The  numerical  simulations  of  tlssakow  et  al,  show  the  absence  of  bottomside 
plasma  in  their  examples  of  plasma  density  depletion  (bubble)  formation.  In  some 
cases,  even  after  ~3  hours,  the  largest  percentage  depletion,  compared  to  the 
background  ionosphere,  occur  below  the  F peak.  Using  East -West  dimensions  of 
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~ 100  km  in  the  models  (Z.ilesak  et  al^^)  which  more  closely  resemble  the  ob- 
served depletions,  the  electron  density  profiles  from  the  numerical  simulations 
would  produce  airglow  depletions  similar  to  those  observed. 


23.  S.  T.  Ossakow,  S.  L. . McDonald.  B.  E. . and  Chaturvedi,  P.  K. 

AGU  ’ -spread  F Bubbles  (abstract).  EOS  Trans. 
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